Objectives: To investigate the effects of ever use of electronic cigarettes (ECs), many of which lack nicotine, on abstinence from convention cigarettes among Hong Kong adult smokers. Methods: We collected data from 956 daily smokers in 2014-2015 regarding ever EC use and smoking behaviors at baseline, any and past 30-day EC use at the 3-month follow-up. Outcomes measured at 6 months included past 7-day point prevalence abstinence (PPA), biochemically validated quitting, smoking reduction (≥50% from baseline) and cessation attempt. Logistic regression yielded adjusted odds ratios (AOR) for quitting in relation to EC use, adjusting for socio-demographic characteristics and smoking profile. Complete case, missing observation as smoking and propensity score analyses were conducted. Results: By complete case, ever EC use at baseline did not predict self-reported PPA (AOR 0.99, 95% CI 0.57-1.73), biochemically validated quitting (AOR 1.22, 95% CI 0.64-2.34), cessation attempt (AOR 0.74, 95% CI 0.48-1.14), or smoking reduction (AOR 0.89, 95% CI 0.54-1.47). EC use during the first 3 months did not predict quitting (AOR 1.02, 95% CI 0.22-4.71). Similar results were observed for missing observations as smoking and propensity score analyses. Conclusions: Any use of ECs, many of which lack nicotine, did not predict smoking abstinence among Hong Kong adult smokers.
Introduction
Electronic cigarette (EC) use is increasingly popular in Western countries with 5.5% of the adult population in England using EC in the first quarter of 2015 [1] and 3.7% US adults using EC daily or some days in 2014 [2] . Less was known about the prevalence in Asian countries except in Korea, where 6.6% of adults have ever tried EC and 1.1% used EC in the past 30 days in 2015 [3] . Current conventional cigarette users (referred to as smokers hereafter) have higher use prevalence [1] with one of the common purposes being to quit smoking conventional cigarettes [4] . Smokers perceived EC as a potential new smoking cessation aid [5] , which might have come from the cessation claims in promotions of EC [6] and the appealing functions of EC in mimicking conventional cigarette's appearance and usage. Smokers who used EC were also more likely to have a higher level of nicotine dependence and to make a cessation attempt than smokers without EC use [7] , suggesting smokers who had failed to abstain from conventional cigarettes because of severe addiction [8] might be tempted to try EC. EC's effect on abstinence from conventional cigarettes is controversial and all the longitudinal studies are based on Western populations. Results from meta-analysis studies are inconsistent, with some arguing that nicotine EC were more effective than nicotine-free products for abstinence from conventional cigarettes [9, 10] , while others found inconclusive [11, 12] or negative evidence [13] . A recent meta-analysis including 20 studies with control groups (15 cohort studies, 3 cross-sectional ones, and 2 trials) suggested that EC users were less likely to abstain from conventional cigarettes [13] , but studies with different designs reported inconsistent results. Randomized controlled trials (RCTs) tended to show EC's efficacy, such as reducing craving and withdrawal symptoms [14] and boosting cessation as effective as the nicotine patch [15] , under a commonly more intensive use setting. Non-trial longitudinal studies revealed inconsistent results (some reported higher odds of cessations among those who used EC daily or used tank systems [16, 17] but others found no or negative associations [18, 19] ), which were probably due to variations in study settings and the types of EC products, intensity, and method of use [20, 21] . Discrepancies in EC's cessation efficacy between trial and real-world studies, which were similar to those observed for nicotine replacement therapy [22] , suggest that EC may not help smokers quit even if it is effect was proven.
In Hong Kong (HK), which has the one of the lowest smoking prevalence (10.7% in 2015) in the developed world [23, 24] , EC use remains rare (0.7% adult population have ever tried EC and 0.2% used EC in the past 30 days) [25] , which may be partly due to its use (defined as smoking by law) being forbidden in smoke-free areas under the comprehensive smoke-free legislation as from 2007 and only ECs without nicotine are widely available under regulations on nicotine. ECs containing nicotine are required to register according to the Pharmacy and Poisons Ordinance (none has done so as of November 2017) and therefore most ECs in HK, without passing any mandatory inspection, are allegedly nicotine-free and can be promoted freely and sold in retail shops and online. Non-nicotine EC was reportedly used by 46.3% EC users in a representative local adult population sample [25] , which was much higher than that reported by European EC users (24.2%) [4] . Studies investigating the effect of using EC without nicotine on abstinence from conventional cigarettes are scarce, with only 4 RCTs which compared non-nicotine EC with nicotine products [15, [26] [27] [28] . Two RCTs showed EC without nicotine had weaker effects on smoking abstinence or reduction [26, 27] , but another 2 RCTs found EC with or without nicotine had a similar effect on quitting or lowering consumption of conventional cigarettes [15, 28] . To our knowledge, no published longitudinal observational study on EC and abstinence from conventional cigarettes involved a significant proportion of non-nicotine products. We prospectively studied whether ever EC (irrespective of nicotine strength) use predicted abstinence from conventional cigarettes and other smoking-related outcomes in adult daily smokers in Hong Kong.
Materials and Methods

Design
We analyzed the data from the 5th "Quit to Win" contest (QTW), which was organized by the Hong Kong Council on Smoking and Health (COSH) and School of Nursing at the University of Hong Kong between June 2014 and March 2015. Details of the QTW have been published elsewhere [29] . In brief, the QTW incorporates incentives, competition, and social support to promote abstinence from conventional cigarettes among adult smokers recruited in the community. Smokers who were residents of Hong Kong, aged 18 or above, able to communicate in Cantonese, and not involved in other smoking cessation programs were recruited (n = 1307) from June to September 2014. Smokers consuming at least 1 cigarette daily in the past 3 months with exhaled carbon monoxide (CO) ≥ 4 ppm (tested using a validated PiCO+ Smokerlyzers (Bedfont ® Scientific Ltd., Kent, UK) were included since light smokers cover half of the overall smokers in Hong Kong [24] . Smokers that consented to participate in the QTW were invited to join a cluster RCT to evaluate the effects of two smoking cessation approaches delivered by brief advice (EC use was not part of the intervention): smoking reduction (gradually reduce consumption of conventional cigarettes to achieve abstinence in 3 months after enrollment) and quitting abruptly (stop using conventional cigarette as soon as possible) [30] . Those who did not join the RCT could still participate in the QTW.
The baseline questionnaire recorded participants' socio-demographic characteristics, smoking behaviors, whether they had tried to abstain from conventional cigarettes (yes/no), and methods of quitting in their last cessation attempt before delivering assigned brief advice. Five telephone follow-ups (1 week, 1, 2, 3 and 6 months after baseline) were conducted and brief "booster" messages were delivered at the first 3 follow-ups. Number of cessation attempts and methods used to quit using conventional cigarettes since participation, smoking behaviors and self-reported past 7-day point prevalence abstinence (PPA) were recorded at all follow-ups. Ever EC use was first inquired at the 1-week follow-up because of time constraint at the on-site baseline survey and asked again at the 3-month follow-up, in which past 30-day EC use was additionally inquired. The QTW was approved by the Institutional Review Broad of the University of Hong Kong/Hospital Authority Hong Kong West Cluster (UW 14-382), and the present paper was based on a post hoc data analysis.
Measures
Ever and past 30-day EC use (yes/no) included even taking a single puff in respective periods. Participants reported ever EC use (at 1-week and 3-month) and past 30-day EC use (at 3-month). Those who reported ever EC use for the first time at the 3-month follow-up or past 30-day EC use at the same follow-up were analyzed together as EC users in the first 3 months of QTW. Those who reported abstinence from conventional cigarettes in the past 7 days (not even a single puff) [31] at 6 months were regarded as quitters. Quitters were invited for biochemical validation and abstinence from conventional cigarettes was confirmed by salivary cotinine <10 ng/mL using NicAlert test kit [32] . Heaviness of Smoking Index (HSI) [33] was computed by number of cigarettes per day (CPD; categorized into ≤10, 11-20, 21-30, >30) combined with time to first cigarette use after wake-up (within 5 min, 6-30 min, 31-60 min, >60 min) and HSI > 4 denoted a high level of nicotine dependence. Being abstinence for more than 24 h (yes/no) indicated a serious cessation attempt [34] . Participants also reported their planned abstinence date (within 7, 30, 60 days from baseline; not yet decided), and those who planned to quit within 30 days were classified as readier to quit, compared with those who planned to quit beyond 30 days or had no planned abstinence date, according to the Transtheoretical Model [35] . Smokers' perceptions on the importance and confidence of successful abstinence from conventional cigarettes (a measure of their motivation to quit) were assessed on a scale of 0-10 [36] . Smokers' perceptions on the difficulties of successful abstinence were assessed in a similar way [37] .
Analysis
The current analyses included 956 participants who reported ever EC use status at the 1-week follow-up (92.8% of 1030 successfully followed smokers and 73.1% of all 1307 smokers in the QTW), regardless of the RCT participation (Table 1) . Multiple logistic and linear regressions on complete cases yielded adjusted odds ratios (AOR) and raw coefficient b for quitting and smoking behaviors at the 6-month follow-up in relation to ever EC use at 1 week (referred to as "ever EC use" in the following unless otherwise specified) using Stata (Version 13.1: StataCorp LP, College Station, TX, USA), adjusting for lifetime cessation attempt, HSI, readiness to quit, CPD, perceptions on quitting and covariates measured at baseline when applicable. Similar analyses with missing observations treated as no cessation attempt nor cigarette reduction (intention to treat analyses, i.e., "missing = smoking") and analyses based on propensity score (PS) stratification matching were conducted to test the robustness of results. PS was calculated by logistic regression using sex, age, cessation attempt, and HSI measured at baseline to predict ever EC use in R (Version 3.25: R Foundation for Statistical Computing, Vienna, Austria) [38, 39] . Matched ever EC users and non-users would have similar characteristics except for ever EC use and therefore confounding variables would be effectively reduced before effect estimation. Supplementary analyses using EC use in the first 3 months after enrollment to predict abstinence from conventional cigarettes at 6 months (among 41 participants who were still smokers at the 3-month follow-up, another 7 users reported abstinence by then) were also performed. 
Results
Participants' Baseline Characteristics
Participants being analyzed generally shared similar socio-demographic characteristics and smoking behaviors, with QTW smokers not included, except for higher CPD (15 vs. 13), of whom more had a high level of nicotine dependence (38.0% vs. 31.9%) and less had a monthly family income (US$1 = HK$7.8) < HK$20,000 (53.4% vs. 60.5%) (Data not shown in tables, all ps = 0.02). Our analytical samples (median age: 41; interquartile range, IQR: 30 to 54) were mostly male (81.8%), employed (76.8%), and had secondary education or above (83.9%), and more than half (53.3%) had a monthly household income <HK$20,000 (Table 2) . They had a median CPD of 15 (IQR: 10 to 20) and 38% of them had a high level of nicotine dependence, 79.1% were ready to quit, 24.0% had never tried to abstain. Ever EC users (n = 163) had a higher median CPD, and more of them had a high level of nicotine dependence, while fewer had no previous cessation attempt, compared with non-users (all ps < 0.05). They also rated successful abstinence from conventional cigarettes as more important (p = 0.01) but held similar perceptions on confidence and difficulties of successful quitting. 
Smoking and Quitting Behaviors at Follow-Up
The 3-month follow-up successfully interviewed 69.4% participants and the retention rates were similar between ever EC users (71.2%) and non-users (69.0%). The 6-month follow-up successfully interviewed 650 of 956 (67.9%) participants, including 111 of 163 (68.1%) ever EC users and 539 of 793 (68.0%) non-users. Among 650 successfully interviewed participants at the 6-month follow-up, 391 (60.2%) had made a cessation attempt, in which 299 reported the method they used to quit. A total of 122 (12.8%) reported abstinence from conventional cigarettes, comprised of 22 (19.8%) ever EC users and 100 (18.6%) non-users. Over half self-reported abstainers (73 of 122, 59.8%) quit without specific methods. Among 122 self-reported abstainers, 86 (Overall 70.5%, 81.8% in ever EC users vs. 68.0% in non-users) participated in the biochemical validation and 72 passed, including 16 (14.4%) ever EC users and 56 (10.4%) non-users. Regression analyses on complete cases showed ever EC use did not predict 7-day PPA (AOR 0.99, 95% CI 0.57 to 1.73), biochemically validated abstinence (AOR 1.22, 95% CI 0.64 to 2.34), making cessation attempt (AOR 0.74, 95% CI 0.48 to 1.14) nor smoking reduction by at least 50% (AOR 0.89, 95% CI 0.54 to 1.47), after adjusting for baseline cessation attempt, HSI, trial group and age and sex when applicable (Table 3) . A similar pattern of estimates was observed for analyses under "missing = smoking" assumption. Among non-quitters at 6 months, ever EC use was not associated with readiness to quit (AOR 0.84, 95% CI 0.33 to 2.15) nor CPD (raw coefficient b 1.43, 95% CI −0.30 to 3.16) ( Table 4 ) but appeared to be marginally significantly associated with perceived difficulties of abstinence (raw coefficient b 0.40, 95% CI −0.03 to 0.84). Estimations based on PS matching were similar to those from fully adjusted models, except for an insignificant higher cigarette reduction (raw coefficient b −1.62, 95% CI −5.89 to 2.65) and balance of characteristics after PS matching was checked to ensure robustness of the analyses. Among 163 ever EC users at the beginning of QTW, 97 still smoked (47 lost to follow-up, 19 reported abstinence) at the 3-month follow-up, in which 7 smokers reported past 30-day EC use. Another 34 smokers newly reported ever EC use at the 3-month follow-up, forming 41 EC users during the first 3 months after enrollment and were still smoking at 3 months. Among these 41 EC users, EC use was also not associated with abstinence from conventional cigarettes at 6 months (AOR 1.02, 95% CI 0.22 to 4.71). At the 6-month follow-up, 22 of 163 initial ever EC users (89 smokers, 52 lost to follow-up) abstained from conventional cigarettes. These quitters had a lower median CPD (12.5 vs. 19) , and more were ready to quit (100.0% vs. 74.5%) at baseline, compared with ever EC users who remained smoking (Both ps < 0.05) (Data not shown in tables). These quitters also perceived abstinence from conventional cigarettes as less difficult (5.9 vs. 7.6, p = 0.006) and had more confidence (7.4 vs. 5.1, p < 0.001) in it at baseline. Table 4 . Association of quitting and smoking outcomes at the 6-month follow-up with ever EC use at 1-week follow-up in non-quitters.
Outcomes
Ever 
Discussion
To our knowledge, this is the first report showing that ever EC use was not prospectively associated with abstinence from conventional cigarettes in Chinese adult smokers, most of whom were motivated to quit (as they were participants in a quitting contest), in a region where nicotine ECs are not widely available. Consistent null associations of ever EC use with biochemically validated abstinence, making cessation attempt or smoking reduction ≥50% were observed. The null associations of ever EC use with cigarette consumption amount, perceived difficulties on abstinence supported the robustness of our findings. Consistent non-significant findings were observed in analyses under "missing = smoking" assumption and based on PS. Longitudinal studies among smokers in the UK [40] and Italy [41] as well as among smokers seeking to quit in the US [42, 43] also reported that EC use did not help smokers abstain.
Ever EC users who achieved abstinence at the 6-month follow-up had a low level of nicotine dependence and were readier to quit at baseline than those who had ever used EC but remained smoking, suggesting that ever EC use may have little effect on abstinence from conventional cigarette. This may be due to smokers were using ECs without nicotine, which are prevalent in HK [25] due to local legal restrictions. Nicotine-free EC may not effectively help a smoker abstain from conventional cigarettes since nicotine is a key to addiction to smoking and a prominent element in EC to be used for smoking cessation. Increased uptake of nicotine by greater intensity of EC use or using a liquid solution with higher nicotine strength would generally reduce smoking urge and boosted smoking abstinence more effectively [17, 26, 44] . More effective nicotine delivery by newer-generation ECs that have an improved delivery mechanism [21] enables them to outperform first-generation products on coping with withdrawal symptoms [45] and promoting abstinence [16] , although the appearance and method of use of the newer generation products deviates from those of conventional cigarettes. EC without or with limited nicotine cannot satisfy smokers' nicotine needs, but might only fulfill needs of non-nicotine factors (e.g., behavioral habit, psychosocial functions) in smoking [46] and therefore may have low efficacy as a smoking cessation aid. A recent report by the National Academies of Sciences, Engineering, and Medicine concluded that there is moderate evidence from RCTs to support the theory that ECs with nicotine are more effective than nicotine-free ECs for abstinence from conventional cigarettes [47] . However, this report also found insufficient evidence on effect comparisons for smoking cessation between EC and no treatment or to approved treatments [47] . It should also be noted that published studies focused on the first-generation ECs and no studies compared the newer generation ECs with proven cessation methods.
Another reason for the null effect of ever EC use on smoking abstinence might be experimental EC use for limited puffs/times or the last EC use occurred long before the commencement of our study given we included smokers who had ever used EC as low as a single puff. It is plausible that limited usage of EC would have minimal effect on quitting eventually, even if EC indeed promoted smoking cessation. We performed analysis in recent EC users (smokers who reported EC use during the first 3 months after enrollment) to partly address the EC experimentation problem and found a null association comparable to the result based on ever EC use at the start of QTW. It should also be noted that evidence from limited RCTs which suggested intensive EC use may promote quitting was inconclusive [15, 26, 48] . We also observed in 163 ever EC users at the beginning of QTW, only 7 of 97 smokers (47 lost to follow-up) had preceding 30-day EC use at the 3-month follow-up, suggesting many ever EC users may have quickly discontinued their trials on EC before they gave up smoking. EC experimental use for limited times was more commonly reported by those who first tried EC not for cessation in US adults [49] , and we also found very few smokers (2.7%, 8 of 299) tried EC for quitting in our study. Consistently, most ever EC users (74.1%) did not perceive that EC might be helpful for smoking cessation at the beginning [29] , although it was not clear whether previous experiences led to this perception.
Our results should be interpreted with caution. The current study included participants who had ever used EC as low as a single puff, and experimentation with EC by itself is unlikely to help smoking cessation. Detailed patterns of EC use, e.g., nicotine strength, consumption amount, use frequency, as well as product types, will affect nicotine delivery and subsequently abstinence from conventional cigarettes. Since EC was new in the market at that time and its users may have limited knowledge about it, such details were not investigated in our study, which limits the explanatory power of our findings. Future studies are urgently needed with a more in-depth investigation of EC product types and detailed use pattern. Biochemical validation was rejected by 29.5% quitters, mostly due to their busy schedule. Despite that, participation rate was higher among ever EC users which could only possibly bias the outcomes in favor of EC; we again found no significant association. The current observational study may be subject to selection bias, i.e., those who used EC and were able to abstain from conventional cigarettes are excluded from the study, although it is unlikely given a very low ever EC use prevalence in the overall adult population [25] . Our findings had a small sample size (e.g., 167 ever EC users at the beginning, 41 still smoking participants used EC in the first 3 months), which could limit the statistical power to detect a significant association if any. A post hoc power analysis shows that given 167 ever EC users and 793 non-users, assuming the true abstinence rate in non-user group is 13.5% we observed, we will be able to detect a true abstinence rate of 6.1% or 22.5% in ever EC users (α = 0.05, power = 0.8). The wide 95% confidence intervals of our results were also consistent with a small sample size and limited statistical power. Our results may have limited generalizability to other population since we were not able to rule out measured and unmeasured confounding variables, e.g., the included participants were only a subset of the QTW sample and they were more addicted to nicotine.
Conclusions
We found that ever use of EC, many of which were nicotine-free products, did not predict abstinence from conventional cigarettes among smokers who participated in the QTW contest in Hong Kong and was also not associated with indicators of future successful quitting. Studies with more detailed measurement on characteristics of EC use and a proper sample size are needed to confirm EC's effect on quitting. 
